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$O$ $\mathrm{C}$ , $U$ $O$ .
$\partial:=\frac{1}{2}(\frac{\partial}{\partial x}-\sqrt{-1}\frac{\partial}{\partial y})$ , $\overline{\partial}:=\frac{1}{2}(\frac{\partial}{\partial x}+\sqrt{-1}\frac{\partial}{\partial y})$ , $D_{U}:=$
. $\Psi:={}^{t}(\psi_{1}, \psi_{2})$ $0$ C2 Dirac $D_{U}\Psi={}^{t}(0,0)$
.
2.1 $O$ 1







$\omega_{1}$ . $\omega_{2}$ . $\omega_{3}$ $D_{U}\Psi=$
t(o, o) U
$U$ , $\omega_{1},$ $\omega_{2}$
, $\omega_{3}$ .
$O$ , 2.1 Poincar\’e $\omega$: $O$
: $O$ 1 $z0$ $O$ $z$ $C$ $O$ $z$
( $z_{0}$ $z$ ) , $\omega$: $C$ $z$
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$C$ .
$\iota_{k}(z,\overline{z}):=\int_{C}\omega_{k}$, $\iota(z,\overline{z}):=(\iota_{1}(z,\overline{z}),$ $\iota_{2}(z,\overline{z}),$ $\iota_{3}(z,\overline{z}))$
.
2.2 $([\mathrm{T}3])\iota$ $O$ $E^{3}$ . $O$ $\Psi\neq{}^{t}(O, 0)$
,
(a) $\iota$ ;
(b) $\iota$ $g$ $g=e^{2\alpha}dzd\overline{z}$ , $\alpha:=\log(|\psi_{1}|^{2}+|\psi_{2}|^{2})$ ;
(c) $\iota$ $-2Ue^{-\alpha}$ .
$\partial\iota\cdot\partial\iota=\frac{1}{4}(|\frac{\partial\iota}{\partial x}\frac{\partial\iota}{\partial y}|^{2}-2\sqrt{-1}\frac{\partial\iota}{\partial x}\cdot\frac{\partial\iota}{\partial y})$
. - $\iota$ ,
$\partial\iota\cdot\partial\iota.=\frac{1}{4}(\psi_{1}^{2}-\overline{\psi}_{2}^{2})^{2}-\frac{1}{4}(\psi_{1}^{2}+\overline{\psi}_{2}^{2})^{2}+.\psi_{1}^{2}\overline{\psi}_{2}^{2}=0$
. .
$\partial\iota\cdot\overline{\partial}\iota=\frac{1}{4}(|\frac{\partial\iota}{\partial x}\frac{\partial\iota}{\partial y}|^{2})=\frac{1}{2}|\frac{\partial\iota}{\partial x}|^{2}=\frac{1}{2}|\frac{\partial\iota}{\partial y}|^{2}$
, - $\iota$ ,
$\partial\iota\cdot\overline{\partial}\iota=\frac{1}{2}(|\psi_{1}|^{2}+|\psi_{2}|^{2})^{2}$
. $O$ $\Psi\neq{}^{t}(0,0)$ , $\iota$ . $\alpha:=\log(|\psi_{1}|^{2}+$




, - $\iota$ ,
$\partial\iota\cross\overline{\partial}\iota=-\frac{\sqrt{-1}e^{\alpha}}{2}(2{\rm Re}(\psi_{1}\psi_{2}), 2{\rm Im}(\psi_{1}\psi_{2}),$
$-|\psi_{1}|^{2}+|\psi_{2}|^{2})$
.
$\frac{\partial\iota}{\partial x}\cross\frac{\partial\iota}{\partial y}=-e^{\alpha}(2{\rm Re}(\psi_{1}\psi_{2}), 2{\rm Im}(\psi_{1}\psi_{2}),$ $-|\psi_{1}|^{2}+|\psi_{2}|^{2})$
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. $\iota$ $\nu$
$\nu=-e^{-\alpha}(2{\rm Re}(\psi_{1}\psi_{2}), 2{\rm Im}(\psi_{1}\psi_{\mathit{2}}),$ $-|\psi_{1}|^{2}+|\psi_{2}|^{2})$
. $\iota$ $H$ $H=2e^{-2\alpha}(\partial\overline{\partial}\iota)\cdot\nu$ , $\iota$
$D_{U}\Psi={}^{t}(0,0)$ ,
$\partial\overline{\partial}\iota=U(2{\rm Re}(\psi_{1}\psi_{2}))2{\rm Im}(\psi_{1}\psi_{2}),$ $-|\psi_{1}|^{2}+|\psi_{2}|^{2})$
, $(\partial\overline{\partial}\iota)\cdot\nu=-Ue^{\alpha}$ . $H=-2e^{-\alpha}U$ .
$U\equiv 0$ , $\Psi \text{ }\overline{\partial}\psi_{1}=\mathit{0}$ $\partial\psi_{2}=0$ . $\psi_{1}\text{ }\overline{\psi}_{2}$ $z$
. $\mathit{0}$ $f,$ $g$ $f:=-\overline{\psi}_{2}^{\mathit{2}},$ $g:=-\psi_{1}/\overline{\psi}_{2},$ ,
Enneper-Weierstrass
$\iota(z)={\rm Re}(\int_{C}f(1-g^{2})dz,$ $\sqrt{-1}\int_{C}f(1+g^{2})dz,$ $2 \int_{C}fgdz)$
. 2.2 Enneper-Weierstrass –
.
2.3 $([\mathrm{T}\bm{3}])\iota$ : $Oarrow E^{3}$ . $\iota$ $g$ g=e2\alpha dz
, $\iota$ $H$ . $U:=-He^{\alpha}/2$ , Dirac




$\iota$ , $\partial\iota\cdot\partial\iota=0$ .
$(\partial\iota_{1})^{\mathit{2}}+(\partial\iota_{2})^{2}+(\partial\iota_{3})^{2}=0$ (1)
. $F:=\iota_{1}+\sqrt{-1}\iota_{\mathit{2}}$ . $O$ $p$ , $(\partial F,\overline{\partial}F)=(0,0)$
$(\partial\iota_{1}, \partial\iota_{2})=(0,0)$ . $(\partial\iota_{1},\partial\iota_{2})=(0,0)$
$\iota$ . $O$ $(\partial F,\overline{\partial}F)\neq(0,0)$ . (1) ,
$(\partial F)(\partial\overline{F})=-(\partial\iota_{3})^{2}$ . $\partial\iota_{3}\neq 0$ $\psi_{1}^{\mathit{2}}=\cdot\partial F$
$\psi_{2}^{\mathit{2}}=-\overline{\partial}F$ 1 $\psi_{1},$ $\psi_{2}$ . , $\partial\iota_{3}=0$
$P$ , $\psi_{1},$ $\psi_{\mathit{2}}$ . : $p$ $\partial F=0$
$p\text{ }\overline{\partial}F\neq 0$ , $P$ $\partial F^{\cdot}=-(\partial\iota_{3})^{\mathit{2}}/\partial\overline{F}$
$\psi_{1},$ $\psi_{2}$ . $O$ , $O$ 1 $\mathrm{C}^{2}$- $\Psi:={}^{t}(\psi_{1},\psi_{2})$
$\Psi\neq{}^{t}(0,0),$ $\psi_{1}^{\mathit{2}}=\partial F$ $\psi_{\mathit{2}}^{2}=-\overline{\partial}F$ . $\Psi$
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$\omega_{i}$ 2.1 , $\omega_{i}$
$\iota$
$E^{3}$ : $\iota$ ,





$z$ ; $\iota_{3}$ , $(\partial\iota_{3})^{2}=\psi_{1}^{2}\overline{\psi}_{2}^{2}$
( $\psi_{2}$ \psi 2 ) $\partial\iota_{3}=\psi_{1}\overline{\psi}_{l}$ , $\iota_{3}$
$\int_{C}\omega_{3}=2{\rm Re}\int_{C}\psi_{1}\overline{\psi}_{2}dz$
$z$ . $\Psi$ Dirac $D_{U}\Psi={}^{t}(0,0)$
. $\psi_{2}\neq 0$ . $\psi_{2}^{2}=-\overline{\partial}F$ , :
2= $- \frac{\partial\overline{\partial}\iota_{1}+\sqrt{-1}\partial\overline{\partial}\iota_{2}}{2\psi_{2}}$ . (3)
$U\psi_{1}=$ $\frac{He^{\alpha}}{2}\psi_{1}$
$=-e^{-\alpha}\psi_{1}(\partial\overline{\partial}\iota)$ . $\nu$
$=e^{-2\alpha}\psi_{1}(\partial\overline{\partial}\iota_{1}, \partial\overline{\partial}\iota_{2}, \partial\overline{\partial}\iota_{3})\cdot(2\mathrm{R}\dot{\mathrm{e}}(\psi_{1}\psi_{2}), 2{\rm Im}(\psi_{1}\psi_{2}),$ $-|\psi_{1}|^{\mathit{2}}+|\psi_{2}|^{2})$ (4)




, (2) $\partial\iota_{3}=\psi_{1}\overline{\psi}_{2}$ ,
$\psi_{1}\overline{\psi}_{2}\partial\overline{\partial}\iota_{3}=-\frac{1}{2}(\psi_{1}^{\mathit{2}}-\overline{\psi}_{2}^{\mathit{2}})\partial\overline{\partial}\iota_{1}+\frac{\sqrt{-.1}}{2}(\psi_{1}^{2}+\overline{\psi}_{2}^{2})\partial\overline{\partial}\iota_{2}$ (5)
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. (4) 3 (5) ,








, (3) . $\psi_{\mathit{2}}=0$ $P$ $U\psi_{1}=-\partial\psi_{2}$
:(4) $P$ $U\psi_{1}=-\partial\overline{\partial}\iota_{3}/\overline{\psi}_{1}$ , – $p\text{ }$
,
$\psi_{2}=\overline{\partial}\iota_{3}/\overline{\psi}_{1}$
$P$ $\partial\psi_{2}=\partial\overline{\partial}\iota_{3}\Gamma^{\psi_{1}}$ . , $\overline{\partial}\psi_{1}=U\psi_{2}$
24A $\mathrm{C}$ , $\iota$ : $\mathrm{C}/\Lambdaarrow E^{3}$ . $\iota$
Willmore $\iota$ 2.3 Dirac
$U$ $L^{2}$ 4 .,
$\iota$ $g=e^{2\alpha}dz\Gamma z$ , $g$ $dA=e^{2\alpha}dxdy$
. $\iota$ $H$ $U:=-He^{\alpha}/2$ , $\iota$
Willmore
$\mathrm{W}(\iota)=\int_{\mathrm{C}/\Lambda}H^{2}dA=4\int_{\mathrm{C}/\Lambda}U^{2}dxdy$
. L Willmore W(b) Dirac Du
$U$ $L^{2}$ 4 . $\square$
2.5 $\Lambda,$ $\iota$ $U$ 24 , $\Psi$ $\mathrm{C}$ $D_{U}\Psi={}^{t}(0,0),$ $\Psi\neq{}^{t}(0,0)$
$\mathrm{C}^{2}$- $\mathrm{C}$ $E^{3}$ $\iota$ $E^{3}$
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. $z\in \mathrm{C}$ $\gamma\in$ A
$\Psi(z+\gamma,\overline{z}+\overline{\gamma})=\epsilon(\gamma)\Psi(z,\overline{z})$ , $\epsilon$ : $\Lambdaarrow\{1, -1\}$ A 2 1, $-1$
$\{1, -1\}$ ( $\gamma,$ $\gamma’\in\Lambda$ $\epsilon(\gamma)\epsilon(\gamma’)=\epsilon(\gamma+\gamma^{J})$ ).
$\iota_{k}$ A , $\psi_{1},$ $\psi_{2}$ (2) $\partial\iota_{3}=\psi_{1}\overline{\psi}_{2}$
, 25 .
26A $\mathrm{C}$ , $U$ $C$ A
. $\Psi$ $\mathrm{C}$ $\mathrm{C}^{2}$- $D_{U}\Psi={}^{t}(O, 0),$ $\Psi\neq{}^{t}(0,0)$
$z\in \mathrm{C}$ $\gamma\in\Lambda$ $\Psi(z+\gamma,\overline{z}+7)=\epsilon(\gamma)\Psi(z,\overline{z})$ , $\epsilon$
A $\{1, -1\}$ . $\Psi$ $U$ $\mathrm{C}$ $E^{3}$
$\iota$ $\mathrm{C}/\Lambda$ $E^{3}$ $\mathrm{w}\mathrm{e}\mathrm{U}$-defined A
2 $C$ $\omega_{*}$’ $0$ .
2.2
[T2] , $E^{3}$ 23 $U$
Dirac $D_{U}\Psi={}^{t}(0,0)$ $\Psi\neq{}^{t}(O, 0)$ :
$E^{3}$ :
$\iota(x,y):=(f(y)\cos x, f(y)\sin x,$ $g(y))$ ,
$f,$ $g$ $I\subset \mathrm{R}$ , $f>0$ $(f’)^{2}+(g’)^{2}\neq 0$ .
$\frac{\partial\iota}{\partial x}\cdot\frac{\partial\iota}{\partial x}=f^{\mathit{2}}$ , $\frac{\partial\iota}{\partial x}\cdot\frac{\partial\iota}{\partial y}=0$ , $\frac{\partial\iota}{\partial y}\cdot$
.
$\frac{\partial\iota}{\partial y}=\cdot(f’)^{2}+(g’)^{2}$
. $\tilde{y}$ $y\in I$ , $d\tilde{y}/dy=\sqrt{(f’)^{2}+(g’)^{2}}/f$ . $(x,\tilde{y})$
$\iota$ ,
$\frac{\partial\iota}{\partial x}\cdot\frac{\partial\iota}{\partial x}=\frac{\partial\iota}{\partial\tilde{y}}\cdot\frac{\partial\iota}{\partial\tilde{y}}=f^{2}$
. , ($x$ , . $\iota$
, $z:=x+\sqrt{-1}y$ . $f$ $g$
$y$ . $f^{2}=(f’)^{\mathit{2}}+(g^{f})^{2}$ . $\iota$
\nu
$\nu(x, y)=\frac{1}{f(y)}(g’(y)\cos x, g’(y)\sin x,$ $-f’(y))$
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. $\iota$ $H$





($x$ ). 23 , $\iota$ 1 2
$F$ $F(x, y):=e^{\sqrt{-1}x}f(y)$ .
$\partial F(x,y)=\frac{\sqrt{-1}e^{\sqrt{-}x}}{2}(f(y)-f’(y))$ , $\overline{\partial}F(x,y)=\frac{\sqrt{-1}e^{\sqrt{-1}x}}{2}(f(y)+f’(y))$ (7)
. $\partial F$ $\overline{\partial}F$ $0$ . $\partial F=0$
$f=f’$ , $\partial F$
$\partial F(x,y)=\frac{\sqrt{-1}e^{\sqrt{-1}x}}{2}\frac{g’(y)^{2}}{f(y)+f’(y)}$
. $\overline{\partial}F=\mathit{0}$ $f=-f’$ ,
$\overline{\partial}F$
$\overline{\partial}F(x,y)=\frac{\sqrt{-1}e^{\sqrt{-1}x}}{2}\frac{j(y)^{2}}{f(y)-f(y)}$,
. $x,$ $y$ $\psi_{1},$ $\psi_{\mathit{2}}$
$\psi_{1}^{2}=\partial F$, $\psi_{2}^{2}=-\overline{\partial}F$, $\psi_{1}\overline{\psi}_{2}=\frac{g’}{2\sqrt{-1}}(=\partial g)$ .
, $(\psi_{1}, \psi_{\mathit{2}})$ $(-\psi_{1}, -\psi_{2})$
. $\partial F$ $\overline{\partial}F$ $0$ , $\Psi\neq{}^{t}(0,0)$ , $f^{2}=$
$(f’)^{2}+(g’)^{2}$ $D_{U}\Psi={}^{t}(0,0)$ .
, $f$ $g$ $I=\mathrm{R}$ . $\iota$ $\mathrm{C}$ $E^{S}$
. $f$ $g$ , $l_{0}>\mathit{0}$
. $\mathrm{C}$ A $2\pi$ $\sqrt{-1}l_{0}$
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, $\iota$ $\mathrm{C}/\Lambda$ $E^{3}$ . (6) , $U$ $l_{0}$
. $\Psi$ A : $\gamma:=2\pi$
$z\in \mathrm{C}$ , $\Psi(z+\gamma, \overline{z}+\overline{\gamma})=-\Psi(z, \overline{z})$ ; $\iota$ ,
$\gamma:=\sqrt{-1}l_{0}$ $z\in C$ , $\Psi(z+\gamma,\overline{z}+\overline{\gamma})=-\Psi(z, \overline{z})$ .
, $f$ $g$ :
$f(y):=R+r\cos\phi(y)$ , $g(y):=r\sin\phi(y)$ , (8)
$R>r>0$ $\phi$ $\mathrm{R}$ $y\in \mathrm{R}$
$\phi’(y)=\frac{R+r\cos\phi(y)}{r}$ (9)
$\phi(y+l_{0})=\phi(y)+2\pi$ ( (9) $f$ $g$ $f^{2}=(f’)^{2}+(g’)^{2}$
). $f,$ $g$ $\iota$ $\mathrm{C}$ xz-
$(R, 0)$ , $r$ z-
( $R/r=\sqrt{2}$ $S^{3}$ Clfford
$E^{3}$ ). (6) (8) (9) ,
$U(y)= \frac{R+2r\cos\phi(y)}{4r}$ (10)
. (7) (8) ,
$\partial F(x,y)=\frac{\sqrt{-1}e^{\sqrt-\urcorner x}}{2}$ ($R+r$ coe $\phi(y)$ ) $(1+\sin\phi(y))$ ,
(11)
$\overline{\partial}F(x,y)=\frac{\sqrt{-1}e^{\sqrt{-1}x}}{2}(R+r\cos\phi(y))(1-\sin\phi(y))$
. , $\psi_{1}^{2}=\partial F$ $\psi_{1}$
, (11) $\partial F$ ($\psi_{1}$
) , –




\psi 2 . \sim Willmore W(\sim ) .
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24 , (10) $U$ 2 $U^{2}$ $\mathrm{C}/\Lambda$ 4





, $\iota$ Willmore $\mathrm{W}(\iota)$
4 $\int_{\mathrm{C}/\Lambda}U^{\mathit{2}}dxdy==(R/r)^{2}\pi^{2}(R/r)^{2}-1$
. $R/r=\sqrt{2}$ $2\pi^{\mathit{2}}$ ([$\mathrm{W}\mathrm{i}1|$
, $2\pi^{\mathit{2}}$ ).
($R$, r)=( , 1 $\iota_{0}$ $\mathrm{C}$ $S^{3}$ Clifford $-$
$\{(x_{1}, x_{\mathit{2}}, x_{3}, x_{4})\in S^{3}|x_{1}^{2}+x_{2}^{2}=\frac{1}{2},$ $x_{3}^{\mathit{2}}+x_{4}^{2}= \frac{1}{2}\}$
: $\mathrm{R}^{2}$ $S^{3}$ $\iota_{1}$
$\iota_{1}(x, y):=(\frac{\cos x}{\sqrt{2}},$ $\frac{\sin x}{\sqrt{2}},$ $\frac{\cos y}{\sqrt{2}},$ $\frac{\sin y}{\sqrt{2}})$
$((x, y)\in \mathrm{R}^{2})$ , $S^{3}$ $N:=(0,0,0,1)$ $\pi$ : $S^{3}\backslash \{N\}arrow E^{3}$
$\iota_{\mathrm{i}}(x,y)$
$\pi 0\iota_{1}(x,y)=(\frac{\cos x}{\sqrt{2}-\sin y’}\frac{\sin x}{\sqrt{2}-\sin y’}\frac{\cos y}{\sqrt{2}-\mathrm{s}\mathrm{i}\mathrm{n}.y})$
, $E^{2}\text{ }$
$\{(\frac{1}{\sqrt{2}-\sin y’}\frac{\cos y}{\sqrt{2}-\sin y})|y\in \mathrm{R}\}$
$(\sqrt{2},0)$ 1 , (C) $=\pi.\circ\iota_{1}(’.E^{2})$ .
3Bloch Fermi
, . A $\mathrm{C}$
. $\mathrm{C}$ $\psi$ A (quasiperiodic) , $\Lambda$
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$C^{\mathrm{x}}:=\mathrm{C}\backslash \{0\}$ $\epsilon$ : $\Lambdaarrow \mathrm{C}^{\mathrm{x}}$ $z\in \mathrm{C}$ $\gamma\in\Lambda$
$\psi(z+\gamma,\overline{z}+\overline{\gamma})=\epsilon(\gamma)\psi(z,\overline{z})$, (12)
. $\psi$ $\epsilon\equiv 1$ . 2 25
$\psi_{1}$ A .
$\epsilon$ : $\Lambdaarrow \mathrm{C}^{\mathrm{x}}$ , $\mathrm{C}^{\mathit{2}}$ $k=(k_{1}, k_{2})$ $\gamma=\gamma_{1}+$
$\sqrt{-1}\gamma_{2}\in\Lambda$
$\epsilon(\gamma)=\exp(2\pi\sqrt{-1}(k_{1}\gamma_{1}+k_{2}\gamma_{2}))$ (13)
. $\mathrm{C}^{\mathit{2}}$ $k$ , (13) $\epsilon$ : $\Lambdaarrow \mathrm{C}^{\mathrm{x}}$ .
A $\psi$ $\epsilon$ , (13) $k\in \mathrm{C}^{2}$ $\psi$
(quaeimomentum) $\epsilon$ , (13) $k\in \mathrm{C}^{\mathit{2}}$ –
, $\mathrm{C}^{2}/\Lambda^{*}$ $[k]$ – ($\Lambda^{*}$ A ). A $\mathrm{C}^{\mathrm{x}}$
$\mathrm{C}^{2}/\Lambda^{*}$ 1 1 , –
$\mathrm{C}^{\mathit{2}}/\Lambda^{*}$ .
$\epsilon$ : $\Lambdaarrow C^{\mathrm{x}}$ – $E$ $\mathrm{C}$ $\mathrm{C}\mathrm{x}\mathrm{C}$ ,
$E$ \sim : $E$ $(z_{1}, \xi_{1}),$ $(z_{2},\xi_{2})$ A $\gamma$
$z_{2}-z_{1}=\gamma$, $\xi_{2}=\epsilon.(\gamma)\xi_{1}$
, $(z_{1},\xi_{1})\sim_{\epsilon}(z_{\mathit{2}},\xi_{\mathit{2}})$ . $E_{e}:=E/\sim_{e}$ . $E_{e}$ $\mathrm{C}/\Lambda$
. $\mathrm{p}\mathrm{r}:\mathrm{C}arrow C/\Lambda$ , $P:=C$ , $M:=C/\Lambda$
$G:=\Lambda$ $P(M, G, \mathrm{p}\mathrm{r})$ ($G=\Lambda$
$0$ Lie ) , 1 $\mathrm{C}$ $G=\Lambda$
$1/\epsilon$ $P(M, G,\mathrm{p}\mathrm{r})$ $P\mathrm{x}_{1/e}\mathrm{C}$ $E_{e}$ , (12)
, E \epsilon $\mathrm{C}$ –
.




. $\psi$ $k,$ $k^{j}$
(14) $\phi,$ $\phi’$ , $\phi$ $\phi’$
$\phi’(z,\overline{z})=\exp(-2\pi\sqrt{-1}(\gamma_{1}^{*}x+\gamma_{2}^{*}y))\phi(z,\overline{z})$ (15)
, $\gamma^{*}=\gamma_{1}^{*}+\sqrt{-1}\gamma_{\mathit{2}}^{*}$ $\Lambda^{*}$ $k’-k=\gamma^{*}$ .
$k$ $L^{\mathit{2}}(\mathrm{C}/\Lambda)$ ( $L_{1}^{2}(\mathrm{C}/\Lambda)$ )
$L^{2}(\mathrm{C}/\Lambda;k)$ ( $L_{1}^{2}(\mathrm{C}/\Lambda;k)$) . $k’=k+\gamma^{*}$
, $L^{2}(\mathrm{C}/\Lambda;k’)=L^{2}(\mathrm{C}/\Lambda;k)$ $L_{1}^{2}(\mathrm{C}/\Lambda, k’)=L_{1}^{2}(C/\Lambda;k)$ . $L^{2}(\mathrm{C}/\Lambda;k)$ ,
$L_{1}^{2}(\mathrm{C}/\Lambda;k)$ . $\phi_{1},$ $\phi_{2}\in L^{2}(\mathrm{C}/\Lambda)$
$\langle\phi_{1}, \phi_{\mathit{2}}\rangle_{L^{2:=}}\int_{\mathrm{C}/\Lambda}\phi_{1}\overline{\phi}_{2}dxdy$
, $\psi_{1},$ $\psi_{\mathit{2}}\in L^{2}(\mathrm{C}/\Lambda;k)$ ( $\psi_{1},$ $\psi_{2}\rangle_{i^{2};k}:=\langle\phi_{1}, \phi_{2}\rangle_{L^{2}}$ , $\emptyset$: (14)
$\psi_{i}$ k .. $\langle$ , $\rangle_{L^{2_{j}}k}$ $L^{2}(\mathrm{C}/\Lambda;k)$




( $\nabla\phi_{*}:={}^{t}(\partial\phi_{i}/\partial x,$ $\partial\phi_{i}/\partial y)$ ) , $\langle$ , $\rangle_{\mathrm{L}_{1}^{2_{j}}k}$ $L_{1}^{2}(\mathrm{C}/\Lambda, k)$
$L_{1}^{2}(\mathrm{C}/\Lambda;k)$ Hilbert (15) ,
$k’=k+\gamma$
$\langle$ , $\rangle_{L^{2_{j}}k^{\prime=(}},$ $\rangle_{L^{2_{j}}k}$ , $\langle$ , $\rangle_{L_{1}^{2};k^{\prime=(}},$ $\rangle_{L_{1}^{2_{j}}k}$
.
. $L^{2}(\mathrm{C}/\Lambda;k)$ $L^{2}(C/\Lambda;[k])$ , $L_{1}^{\mathit{2}}(\mathrm{C}/\Lambda;k)$ $L_{1}^{\mathit{2}}(\mathrm{C}/\Lambda;[k])$ .
$L_{1}^{\mathit{2}}(\mathrm{C}/\Lambda;[k])$ ( $k$ – ) $L_{1}^{2}(\mathrm{C}/\Lambda)$
. $\psi\in L_{1}^{\mathit{2}}(\mathrm{C}/\Lambda;[k])$ ( $k$ – ) $L_{1}^{2}(\mathrm{C}/\Lambda)$
$\phi$ , $\partial\psi\in L^{2}(\mathrm{C}/\Lambda;[k])$ $L^{2}(\mathrm{C}/\Lambda)$ $\partial\phi+\pi(k_{2}+\sqrt{-1}k_{1})\phi$
, $\overline{\partial}\psi\in L^{2}(\mathrm{C}/\Lambda;[k])$ $L^{2}.(C/\Lambda)$ $\overline{\partial}\phi+\pi(-k_{2}+\sqrt{-1}k_{1})\phi$ .
$U$ A $\mathrm{C}$ , $L^{\infty}(C/\Lambda)$ . $D_{U}$ 2
Dirac . $D_{U}$ $L_{1}^{2}(C/\Lambda)\cross L_{1}^{2}(\mathrm{C}/\Lambda)$ $L^{\mathit{2}}(\mathrm{C}/\Lambda)\cross$
L2(C/\Lambda ) . k\in C2 , DU L2l(C/\Lambda ;[k]) $\cross$
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$L_{1}^{\mathit{2}}(C/\Lambda;[k])$ $L^{\mathit{2}}(C/\Lambda;[k])\cross L^{2}(\mathrm{C}/\Lambda;[k])$ – . Dirac
$D_{U}$ O-Bloch $k\in \mathrm{C}^{\mathit{2}}$ $L_{1}^{2}(\mathrm{C}/\Lambda;[k])\cross L_{1}^{2}(C/\Lambda;[k])$
$D_{U}$ . $\Psi={}^{t}(\psi_{1}, \psi_{2})$ $D_{U}$ $0$-Bloch $k$
, $L_{1}^{2}(C/\Lambda)\cross L_{1}^{2}(\mathrm{C}/\Lambda)$ $\Phi={}^{t}(\phi_{1}, \phi_{\mathit{2}})$ $\psi_{1}$ $\emptyset$: (14)
$D(U;k)\Phi={}^{t}(0,0)$ ,
$D(U;k):=D_{U}+\pi(k_{2}-\sqrt{-1}k_{1}0$ $k_{\mathit{2}}+\sqrt{-1}k_{1}0)$
. $L_{1}^{2}(C/\Lambda)\mathrm{x}L_{1}^{2}(\mathrm{C}/\Lambda)$ $\Phi$ $D(U;k)\Phi={}^{t}(O, 0)$ , $\Phi$ (14)
C \Psi Du -Bloch k .
.
3.1 $([\mathrm{T}3])\Psi$ Dirac $D_{U}$ $0$-Bloch $k$
$L_{1}^{\mathit{2}}(\mathrm{C}/\Lambda)\mathrm{x}L_{1}^{2}(\mathrm{C}/\Lambda)$ $\Phi$ $D(U;k)\Phi={}^{t}(0,0)$ ,
$\psi_{i}$ $\phi_{i}$ (14) .
$D_{U}$ $0$-Bloch $\mathrm{C}^{2}$ $F(U)$ .
3.2 $([\mathrm{T}3])U$ $L^{\infty}(C/\Lambda)$ . $F(U)$ $\mathrm{C}^{2}$ ;
, – .
$a\in \mathrm{C}$ D ac D $L_{1}^{2}(\mathrm{C}/\Lambda)\cross L_{1}^{\mathit{2}}(C/\Lambda)$ $L^{2}(C/\Lambda)\mathrm{x}L^{2}(\mathrm{C}/\Lambda)$
, $a$ D ${}^{t}(O, 0)$
. D ,
$D_{a}^{-1}$ : $L^{2}(\mathrm{C}/\Lambda)\cross L^{2}(\mathrm{C}/\Lambda)arrow L_{1}^{2}(\mathrm{C}/\Lambda)\cross L_{1}^{2}(\mathrm{C}/\Lambda)$
. , Kondrachov $D_{a}^{-1}$
$L^{2}(\mathrm{C}/\Lambda)\mathrm{x}L^{2}(\mathrm{C}/\Lambda)$ .
$D(U;k)\circ D_{a}^{-1}=+(_{\pi(k_{2}-\sqrt{-1}k_{1})}U-a$ $\pi(k_{2}+\sqrt{-1}k_{1})U-a)\mathrm{o}D_{a}^{-1}$ (16)
, $U$ $L^{\infty}(\mathrm{C}/\Lambda)$ (16) 2 $L^{\mathit{2}}(\mathrm{C}/\Lambda)\cross L^{2}(\mathrm{C}/\Lambda)$
. $D(U;k)\circ D_{a}^{-1}$ Redhohn .
$k$ , $k$ . [Ku] 1616
, $L^{2}(\mathrm{C}/\Lambda)\cross L^{2}(C/\Lambda)$ Fredhoh $D(U;k)\circ D_{a}^{-1}$ $k$
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$\mathrm{C}^{2}$ –
. 31 , $\mathcal{F}(U)$ . $k_{1}=0$
$\frac{1}{\pi k_{2}}D(U; k)=+\frac{1}{\pi k_{2}}D_{U}$ (17)
, $D_{U}$ $L_{1}^{2}(\mathrm{C}/\Lambda)\cross L_{1}^{2}(\mathrm{C}/\Lambda)$ $L^{2}(\mathrm{C}/\Lambda)\cross L^{2}(C/\Lambda)$ ,
$\epsilon>0$ $R>0$ $|k_{2}|>R$ $k_{2}$
(17) 2 $\epsilon$ ,
$k_{2}$ $D(U;k)$ ${}^{t}(0,0)$ . $F(U)\neq \mathrm{C}^{2}$
, $\mathcal{F}(U)$ . 32 .
3.2 [Ku] 1.6.16 [G], [Kel], [K-T]
.
$V,$ $W$ $L^{\infty}(\mathrm{C}/\Lambda)$ . Dirac
$D_{V,W}$$:=$
$Dv,w$ . 31 , :
3.3 $\Psi$ Dirac $D_{v,w}$ Bloch $k$
$L_{1}^{2}(\mathrm{C}/\Lambda)\cross L_{1}^{2}(\mathrm{C}/\Lambda)$ $\Phi$
$D(V, W;k):=D_{V,W}+\pi(k_{2}-\sqrt{-1}k_{1}0$ $k_{2}+\sqrt{-1}k_{1}0)$
, $\psi_{i}$ $\phi_{1}$ (14) .
$\Psi$ $\Phi$ .
$D_{V,W}$ Bloch $k\in \mathrm{C}^{2}$ $\lambda\in \mathrm{C}$
$(k, \lambda)\in \mathrm{C}^{3}$ $\mathcal{B}(V, W)$ . 32 ,
.
3.4 $V,$ $W$ $L^{\infty}(\mathrm{C}/\Lambda)$ . $B(V, W)$ $C^{3}$ ;
, – .
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$L^{\infty}(C/\Lambda)$ $V,$ $W$ , $\mathcal{B}(V, W)$ Dirac $D_{v,w}$ Bloch
. $F(V, W)$ $\mathrm{C}^{2}$ ,
$F(V, W)\cross\{0\}=B(V, W)\cap\{\lambda=0\}$
. $F(V, W)$ $\mathrm{C}^{2}$ . $\mathcal{F}(V, W)$ Dirac
$Dv,w$ Fermi . $U\in L^{\infty}(\mathrm{C}/\Lambda)$ , $F(U)=F(U, U)$ .
3.5 ([T4], [Scl]) $L^{\infty}(\mathrm{C}/\Lambda)$ $V,$ $W$ , .
(a) $\sigma$ : $C^{3}arrow \mathrm{C}^{3},$ $(k, \lambda)rightarrow(-k, \lambda)$ $B(V, W)$ $B(W, V)$ 1 1
.
(b) $\rho$ : $\mathrm{C}^{3}arrow C^{3},$ $(k, \lambda)\}arrow(\overline{k},\overline{\lambda})$ $\mathcal{B}(V, W)$ $\mathcal{B}(\overline{V},\overline{W})$ 1 1
.
.
(c) $\eta$ : $C^{3}arrow \mathrm{C}^{3},$ $(k, \lambda)\vdash*(-\overline{k},\overline{\lambda})$ $B(V, W)$ $B(\overline{W},V\gamma$ 1 1
.
B(V, W) (k, \mbox{\boldmath $\lambda$}) Dv,w Bloch \Psi =t(\psi 1, \psi 2) . \Psi
$(\overline{\psi}_{2}, -\overline{\psi}_{1})$ $D_{\overline{W},\overline{V}}$. Bloch $-\overline{k}$ $\overline{\lambda}$ .
(c) Stokes , \mbox{\boldmath $\phi$}1, \mbox{\boldmath $\phi$}2\in L21(C/\Lambda )
$\langle\partial\phi_{1}+\pi(k_{2}+\sqrt{-1}k_{1})\phi_{1}, \phi_{\mathit{2}}\rangle_{L^{2}}=\langle\phi_{1}, -\overline{\partial}\phi_{2}-\pi(-\overline{k}_{2}+\sqrt{-1k}1)\phi_{2}\rangle_{L^{2}}$ ,
$\langle\overline{\partial}\phi_{1}+\pi(-k_{\mathit{2}}+\sqrt{-1}k_{1})\phi_{1}, \phi_{\mathit{2}}\rangle_{L^{2}}=\langle\phi_{1}, -\partial\phi_{2}-\pi C^{k_{2}}+\sqrt{-1k}1)\phi_{\mathit{2}}\rangle_{L^{2}}$
. $L^{2}(\mathrm{C}/\Lambda)$
$\partial+\pi(k_{\mathit{2}}+\sqrt{-1}k_{1})$ , $\overline{\partial}+\pi(-k_{\mathit{2}}+\sqrt{-1}k_{1})$
( $L^{2}(\mathrm{C}/\Lambda)$ $L_{1}^{\mathit{2}}(\mathrm{C}/\Lambda)$ )
$-(\overline{\partial}+\pi(-\overline{k}_{2}+\sqrt{-1k}1))$ , $-(\partial+\pi Ck_{2}+\sqrt{-1k}1))$
. $L^{2}(\mathrm{C}/\Lambda)\cross L^{2}(\mathrm{C}/\Lambda)$ $D(V, W;k)$ ( $L^{2}(\mathrm{C}/\Lambda)\cross$
$L^{2}(C/\Lambda)$ $L_{1}^{2}(\mathrm{C}/\Lambda)\cross L_{1}^{2}(\mathrm{C}/\Lambda))$ $D^{*}(V, W;k)$ $D(\overline{V},\overline{W};^{\gamma}k$
:
$D^{*}(V, W;k)=D(\overline{V},\overline{W};\overline{k})$ . (18)
$a\in C$ 32 , $V,$ $W\in L^{\infty}(\mathrm{C}/\Lambda)$
$D(V, W;k)\circ D_{\text{ }^{}-1}$ edholm , $\dim \mathrm{K}\mathrm{e}\mathrm{r}D(V, W;k)<\infty$ .
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$\mathrm{C}/\Lambda$ $D(V, W;k)$ $\mathrm{i}\mathrm{n}\mathrm{d}D(V,$ $W$ ; $D(V, W;k)$
$\dim \mathrm{K}\mathrm{e}\mathrm{r}D(V, W;k)$ $D$“ (V, $W;k$) $\dim \mathrm{K}\mathrm{e}\mathrm{r}D^{*}(V, W;k)$ :
ind $D(V, W;k)=\dim \mathrm{K}\mathrm{e}\mathrm{r}D(V, W;k)-\dim \mathrm{K}\mathrm{e}\mathrm{r}D^{*}(V, W;k)$ . (19)
[L-M] 3 79 , $\mathrm{i}\mathrm{n}\mathrm{d}D(V, W;k)$ $D(V, W;k)$ $D_{0}$
$\mathrm{i}\mathrm{n}\mathrm{d}$ Do . $D_{0}$ $L^{2}(\mathrm{C}/\Lambda)\cross L^{2}(\mathrm{C}/\Lambda)$ $D_{0}^{*}=D_{0}$
, $\mathrm{i}\mathrm{n}\mathrm{d}$ $Do=0$ . $\mathrm{i}\mathrm{n}\mathrm{d}D(V, W;k)=0$ , (18) (19)
$\dim \mathrm{K}\mathrm{e}\mathrm{r}D(V, W;k)=\dim \mathrm{K}\mathrm{e}\mathrm{r}D^{*}(V, W;k)=\dim \mathrm{K}\mathrm{e}\mathrm{r}D(\overline{V},\overline{W};\overline{k})$
. $\mathrm{K}\mathrm{e}\mathrm{r}D(V, W;k)\neq\{0\}$ , $\mathrm{K}\mathrm{e}\mathrm{r}D\zeta\overline{V},\overline{W};^{\gamma}k\neq\{0\}$ . –
, $\lambda\in \mathrm{C}$ $D(V, W;k)$ , $\overline{\lambda}$ $D(\overline{V},\overline{W}$;
. 33 , (b) . (a) $\sigma=\eta\circ\rho$ .
3.6 $L^{\infty}(\mathrm{C}/\Lambda)$ $V,$ $W$ , .
(a) $\sigma$ : $\mathrm{C}^{2}arrow \mathrm{C}^{2},$ $krightarrow-k$ $F(V, W)$ $F(W, V)$ 1 1 .
(b) $\rho$ : $C^{\mathit{2}}arrow C^{2},$ $k-\rangle$ $\overline{k}$ $\mathcal{F}(V, W)$ F(X, 1 1 .
(c) $\eta$ : $\mathrm{C}^{2}arrow \mathrm{C}^{2},$ $k\vdasharrow-\overline{k}$ $F(V, W)$ $F\mathrm{c}W,V\gamma$ 1 1 .
$U\in L^{\infty}(\mathrm{C}/\Lambda)$ , $F(U)$ $\sigma$ . $L^{\infty}(\mathrm{C}/\Lambda)$
$V,$ $W$ , $\rho$ $F(V, W)$ . $U\in L^{\infty}(\mathrm{C}/\Lambda)$
, $F(U)$ $\sigma,$ $\rho,$ $\eta$ .
4 2
Fermi
$g$ 2 $\mathrm{Y}$ $\mathrm{C}^{2}$
$k=(k_{1}, k_{2}):\mathrm{Y}arrow \mathrm{C}^{2}$ $(\mathrm{Y}, \infty^{-}, \infty^{+}, k)$ . ,
.
(i) $k_{1}$ $k_{2}$ $\mathrm{Y}^{*}$ , , 2 $\infty_{-}$ $\infty+$ 1
. , , $k_{1}-\sqrt{-1}k_{2}$ $k_{1}+\sqrt{-1}k_{\mathit{2}}$ , $\infty_{-}$
$\infty+$ .
(ii) $k$ $\Lambda^{*}$ . , $\Lambda^{*}$
.
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(iii) $\mathrm{Y}$ , $\eta$ .
$\eta^{*}k$ , $-\overline{k}$ .
, (i) $k$ 2 $\infty\pm$ ,
$\eta(\infty\pm)=\infty_{\mp}$ . , (i) (iii)
, $\infty+$ $\infty_{-}$ , $k_{1}(\infty\mp)\mp\sqrt{-1}k_{\mathit{2}}(\infty_{\mp})=0$ ( ), $\eta k=-\overline{k}$
, , (1) (2) 2
$\mathrm{R}^{2}$
$x=(x_{1}, x_{\mathit{2}})$ $\mathrm{Y}$ $\mathrm{C}^{\mathit{2}}$ Baker-Akhiezer
$\psi(x, P)$ .
(1) $\mathrm{Y}^{*}$ $E=P_{1}+\cdots+P_{g+1}$ , $\psi(x, \cdot)$ $.O(E)$
, $\mathrm{Y}^{*}$ . , $\mathrm{Y}^{r}$ $\mathrm{Y}$ 2 $\infty+$ $\infty_{-}$
.
(2) $\psi$ 2 $\infty+’\infty-$ (A) .
$\exp(-2\pi\sqrt{-1}<x, k>)\psi=[+(\frac{\psi_{1,1}^{\mp}}{\psi_{2,1}^{+}})k_{1}^{-1}+O(k_{1}^{-2})]$ at $\infty+$ ,
$\exp(-2\pi\sqrt{-1}<x, k>)\psi=[+(_{\psi}^{\psi_{1}}=_{2,1}=,1)k_{1}^{-1}+O(k_{1}^{-2})]$ at $\infty_{-}$ .
$<x,$ $k>=x_{1}k_{1}+x_{2}k_{2}$ . , (i) , $k_{1}^{-1}$ 2 $\infty\pm$
, $k_{1}^{-1}(\infty\pm)=0$ . $P_{1}+\ldots+P_{g+1}$
, B ker-Akhiezer ( $[B\mathrm{e}],$ [D-K-N]) , $\infty+$ $\infty_{-}$
${}^{t}(1,0),{}^{t}(0,1)$ $\psi$ – .
4.1 A $\gamma={}^{t}(\gamma_{1},\gamma_{2})$ , :
$\psi(x+\gamma, P)=\exp(2\pi\sqrt{-1}<\gamma, k>)\psi(x, P)$ .
$\psi$ . 3 $\epsilon$ $\epsilon(\gamma)=\mathrm{e}\mathrm{x}\mathrm{p}.(2\pi\sqrt{-1}<\gamma, k>)$
.
(A) $x$ $x+\gamma$ ,
$\exp(-2\pi\sqrt{-1}<x+\gamma, k>)\psi(x+\gamma, P)=[+(_{\psi_{2.1}}^{\psi_{1,1}}\mp)\mp k_{1}^{-1}+O(k_{1}^{-2}.)]$ at $\infty+$ ,
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$\exp(-2\pi\sqrt{-1}<x+\gamma, k>)\psi(x+\gamma, P)=[+(_{\psi_{\mathit{2}}}^{\psi_{1}}=_{1}=_{1},)k_{1}^{-1}+O(k_{1}^{-2})]$ at $\infty_{-}$ .
$\exp(-2\pi\sqrt{-1}<x+\gamma, k>)\psi(x+\gamma,P)$
$=\exp(-2\pi\sqrt{-1}<x, k>)\exp(-2\pi\sqrt{-1}<\gamma, k>)\psi(x+\gamma, P)$
$\phi=\exp(-2\pi\sqrt{-1}<\gamma, k>)\psi(x+\gamma, P)$
$\exp(-2\pi\sqrt{-1}<x, k>)\phi=[+(\frac{\psi_{1,1}\mp}{\psi_{2,1}^{+}})k_{1}^{-1}+O(k_{1}^{-2})]$ at $\infty+$ ’
$\exp(-2\pi\sqrt{-1}<x, k>)\phi=[+(^{\psi_{1}}\psi_{2,1}==_{1})k_{1}^{-1}+O(k_{1}^{-2})]$ at $\infty_{-}$ .
$\phi$ Baker-Akhiezer. (2) $k$
, (ii) $\exp(-2\pi\sqrt{-1}<\gamma, k>)$ – , $\mathrm{Y}^{*}$
. $\phi=\exp(-2\pi\sqrt{-1}<\gamma, k>)\psi(x+\gamma, P)$
Baloer-Akhiezer (1) Baker-Akhiezer – ,
$\phi=\psi$ ,
$\exp(-2\pi\sqrt{-1}<\gamma, k>)\psi(x+\gamma, P)=\psi(x, P)$ ,
$\psi(x+\gamma, P)=\exp(2\pi\sqrt{-1}<\gamma, k>)\psi(x, P)$
. .
4.2 Baker-Akhiezer $\psi$ , $V$ $W$ , .
$V=-2\pi\sqrt{-1}\psi_{1,1}\mp$ , $W=2\pi\sqrt{-1}\overline{\psi_{1,1}^{-}}$ .
$V$ $W$ , A .
A $\gamma$ , (A) $x$ $x+\gamma$
,
$\exp(-2\pi\sqrt{-1}<x+\gamma, k>)\psi(x+\gamma, P)=[+(_{\psi_{2,1}(x+\gamma)}^{\mp}\psi_{1,1,\mp}(x+\gamma).)k_{1}^{-1}+O(k_{1}^{-2})]$ at $\infty+$ ’
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$\exp(-2\pi\sqrt{-1}<x+\gamma, k>)\psi(x+\gamma, P)=[+(\psi_{2,1}=\psi=_{1},1(x+\gamma))(x+\gamma)k_{1}^{-1}+O(k_{1}^{-2})]$ at $\infty_{-}$ .
4.1 $\exp(-2\pi\sqrt{-1}<x, k>)\psi(x, P)$ ,
$\exp(-2\pi\sqrt{-1}<x, k>)\psi(x,P)=[+(_{\psi_{2,1}(x+\gamma)}^{\overline{\psi_{1,1}^{+}}(x+\gamma)}\mp)k_{1}^{-1}+O(k_{1}^{-2})]$ at $\infty+$ ’
$\exp(-2\pi\sqrt{-1}<x, k>)\psi(x, P)=[+(^{\psi_{1}}\psi_{\mathit{2},1}==_{1}(x+\gamma))(x+\gamma)k_{1}^{-1}+O(k_{1}^{-2})]$ at -.
(A) 1 ,
$\psi_{1,1}(\mp x+\gamma)=\psi_{1,1}(\mp x)$ , $\overline{\psi_{1,1}^{-}}(x+\gamma)=\overline{\psi_{1,1}^{-}}(x)$ .
, $V,$ $W$ A .
$V$ $W$ Dirac $D_{v.w}$ Baker-
Akhiezer $\psi$ .
4.3 42 $V$ $W$ Dirac $D_{v,w}$
. , $B$aker-Akhiezer $\psi$ Dirac $Dv.w\psi=0$
.
, $\psi$ $\infty^{+}$ ,
$\psi==$
. $\psi_{k}=\exp(2\pi\sqrt{-1}<x, k>)$ . $\psi$ Dirac
$D_{V,W}\psi==$
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$D\psi^{(2,1)}=\psi_{k}O(k_{1}^{-1})$ at $\text{ _{}+}$ .
, $\psi$ $\infty^{-}$ ,
$\psi==(_{\psi_{k}+\psi_{k^{\frac{1(1}{\psi_{2,1}^{-}}}}(1/k_{1})+\psi_{k}O(1/k_{1}^{2})}^{\psi_{k}\overline{\psi_{1}^{-}}/k_{1})+\psi_{k}O(1/k_{1}^{2})},)$
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$D\psi^{(2,1)}=\psi_{k}O(k_{1}^{-1})$ at $\infty_{-}$ .
$D\psi^{(1,1)}$ $\infty^{+}$ ,
$D\psi^{(2,1)}=\psi_{k}O(k_{1}^{-1})$ at $\infty_{-}$ .
$D\psi^{(1,1)}$ $D\psi^{(2,1)}$ $E=P_{1}+P_{2}+\cdots+$ $\mathrm{Y}$
$\mathcal{L}=O(E)$ , $\psi_{k}$ $\mathrm{Y}$ $L$ $\mathcal{L}\otimes L$
, 2 $\infty+$ $\infty_{-}$ . - ,





, $degL=0$ , (iii) , $dimH^{1}(Y, \mathcal{L}\otimes L(-\infty+-\infty_{-}))=$
$0$ , $dimH^{0}(\mathrm{Y}, L\otimes L(-\infty+-\infty_{-}))=0$ $D\psi^{(1,1)}=0$,
$D\psi^{(\mathit{2},1)}=0$ $\psi$ Dirac $D_{Vw}th=0$ .
, 43 $\mathrm{Y}^{*}$ $P$ , $\psi(x, P)$ $Dv,w$
, 41 $k$ $\mathrm{Y}^{*}$ $F(V, W)$
. $k$ 2 , (ii) $\mathrm{A}^{r}$
. $\mathcal{F}(V, W)/\Lambda^{*}$ $\mathrm{Y}^{*}$ .
5
.
(I) $E^{3}$ Willmore $E^{3}$
$([\mathrm{W}\mathrm{h}])$ , [G-S1 Grinevich-Schmidt $E^{3}$
Fermi $E^{3}$ (
, ).




(III) 3 $V,$ $W$ $L^{\infty}(\mathrm{C}/\Lambda)$ Fermi
$F(V, W)$ $\mathrm{C}^{\mathit{2}}$ , [O-O-U]
[Scl] $V,$ $W$ $L^{\mathit{2}}(C/\Lambda)$ $F(V, W)$ $\mathrm{C}^{2}$
. L2(C/A)
.
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